On 2019 July 2 a total solar eclipse -visible across some parts of the Southern Pacific Ocean, Chile and Argentina -will enable observations of the Sun's large-scale coronal structure. The structure of the Sun's corona and their emission characteristics are determined by underlying magnetic fields which also govern coronal heating and solar eruptive events. However, coronal magnetic field measurements remain an outstanding challenge. Computational models of coronal magnetic fields serve an important purpose in this context. Earlier work has demonstrated that the large-scale coronal field is governed by slow surface flux evolution and memory build-up which allows for prediction of the coronal structure on solar rotational timescales. Utilizing this idea and based upon a 51 day forward run of a data-driven solar surface flux transport model and a Potential Field Source Surface model, we predict the Sun's coronal structure for the 2019 July 2 solar eclipse. We also forward model the polarization characteristics of the coronal emission from the predicted magnetic fields. We predict two large-scale streamer structures and their locations on the east and west limbs of the Sun and discuss the possibility of development of a pseudo-streamer based on an analysis of field line
INTRODUCTION
The Sun's surface and its outer atmosphere -the corona -forms the time-dependent inner boundary of the heliosphere, and therefore, forces it. Magnetic field dynamics in the corona including magnetic reconnection and heating is induced by photospheric flux emergence and evolution. In turn this coronal dynamics spawn the solar wind, solar flares, coronal mass ejections (CMEs) and energetic particle flux and high energy radiation which collectively create hazardous space environmental conditions.
Understanding the origin of space weather at the Sun and building predictive capabilities is a high priority goal in the space sciences (Schrijver et al. 2015) . Although the origin of space weather can be traced back to the dynamics of magnetic fields in the Sun's corona, direct observations of coronal magnetic fields is challenging because of the low photon flux associated with the tenuous coronal plasma. Thus computational approaches based on our theoretical understanding of how the Sun's magnetic fields emerge through the surface, evolve and permeate the corona are essential to model and understand coronal dynamics.
The Alfvén speed in the corona (the speed at which magnetic disturbances propagate) is much faster (of the order of 1000 kms −1 ) than the large-scale surface motions that drive coronal evolution (1 to 3 kms −1 ). Consequently, a reasonable approach in theoretical models is to assume that the coronal magnetic field distribution evolves quasi-statically in response to photospheric forcing. These models can be categorized into four broad classes: potential field source surface extrapolation models, forcefree models, magnetohydrostatic models, and full magnetohydrodynamic (MHD) models. While the first three primarily provide the three-dimensional close-to-equilibrium magnetic field structure in the solar corona, the last approach can self-consistently provide the magnetic field as well as thermal characteristics. All these modeling approaches have their own advantages and limitations and often a particular model is chosen based on the balance of convenience and sophistication necessary for a particular problem. For a detailed account on coronal magnetic field models see Mackay & Yeates (2012) ; Yeates et al. (2015) .
Testing these theoretical modeling approaches through "true" predictions and constraining them through observations is best achieved at the time of solar eclipses when lunar occultation masks 4 Dash et al.
the bright solar disk revealing the Sun's faint coronal structure. In an earlier work, Nandy et al.
(2018) postulated a novel methodology for long-term coronal field prediction. Post-eclipse assessment demonstrated that they successfully predicted all the major large-scale structures of the Great American solar eclipse (2019 August 21) including a pseudo-streamer that was not captured in an alternative prediction methodology (Mikić et al. 2018 ). Nandy et al. (2018) used a data-driven Predictive Solar Surface Flux Transport (PSSFT) model developed at CESSI to first predict the surface magnetic field distribution and then feed this into a potential field extrapolation model to obtain the prediction of the coronal magnetic field structure. The PSSFT model simulates the evolution of the surface magnetic field driven by the emergence of tilted active regions and redistribution of associated magnetic flux mediated via large-scale plasma flows and supergranular diffusion. This process is known as the Babcock
Leighton (B-L) mechanism (Babcock 1961; Leighton 1969; Wang et al. 1989; van Ballegooijen et al. 1998; Schrijver 2001; Sheeley 2005; Cameron et al. 2010; Mackay & Yeates 2012) in the context of dynamo theory and bridges solar inetrnal dynamics with coronal field evolution.
The CESSI PSSFT model used in Nandy et al. (2018) is driven by observed sunspot data over century time scale and calibrated with polar flux observations spanning multiple solar cycles Muñoz-Jaramillo et al. 2012) . The slow evolution of the photospheric magnetic field aids in building up a long-term memory (due to mostly deterministic surface flux transport processes) in the PSSFT model. This enables the model to make long-term predictions of the large-scale surface field distribution including the high latitude polar fields ) -which can be used as inputs for making coronal field predictions. An accurately predicted surface magnetic field map ensures evaluation of large-scale structures of the coronal magnetic field (Schrijver & De Rosa 2003) with better precision. Under low plasma-β (i.e., magnetic pressure dominating over gas pressure) and current-free approximations the potential field source surface (PFSS) extrapolation technique (Altschuler & Newkirk 1969; Schatten et al. 1969 ) may be employed to simulate coronal magnetic fields. We note that dynamic coronal simulations based on magnetofrictional approaches 5 transmit this surface memory to the corona (Yang et al. 1986; van Ballegooijen et al. 2000; Yeates 2014 ), while PFSS-like extrapolation relies on the memory of the surface field itself.
Here we utilize the Nandy et al. (2018) prediction methodology -a combination of the PSSFT and PFSS models -to predict the large-scale coronal magnetic structure of the 2019 July 2 total solar eclipse. A short research note with the predicted coronal magnetic structure is communicated in Dash et al. (2019) . This work contains description of the methodology with detailed in-depth analysis of the coronal magnetic field structure and topology including the possibility of a pseudo-streamer appearing in the future. Additionally, here we present forward-modeled polarization maps for the coronal emission expected during the eclipse which may be compared with coronal magnetometry observations. The rest of the paper is structured as follows: a brief description of the computational models is provided in section 2; results are presented in Section 3; concluding discussions follow in Section 4.
NUMERICAL MODELS AND SUNSPOT DATA INPUT
Evolution of magnetic field on the solar surface is governed by the magnetic induction equation. As photospheric magnetic field is predominantly in the radial direction (Solanki 1993) , in our PSSFT model we solve only the radial component (B r ) of the induction equation which in spherical polar coordinates is given by
The symbols, θ and φ represent co-latitude and longitude, R is the solar radius. The large-scale velocity fields, the differential rotation and meridional circulation on the solar surface are denoted by ω(θ) and v(θ), respectively. These plasma flows are modeled using empirical functions , which are observationally verified (Snodgrass 1983; van Ballegooijen et al. 1998 ). The parameter η h is the effective diffusion coefficient associated with the turbulent motion of supergranules and S(θ, φ, t) is the source term describing the emergence of new sunspots. We note that any new To model the corresponding coronal magnetic field structure we use an PFSS extrapolation technique with the predicted surface magnetic field used as the bottom boundary of the computational domain. The extrapolation is extended up to the source surface (2.5R ) beyond which we assume the magnetic field to become radial (Davis 1965) . We utilize the PFSS extrapolation model developed by Yeates (2018) 1 .
3. RESULTS
Prediction of the Coronal Magnetic Field Structure
The PSSFT predicted surface magnetic field distribution corresponding to 2019 July 2 is depicted in the polarity distribution of the surface magnetic field which is evaluated by calculating the quantity,
This image represents how the magnetic polarity is distributed in the large-scale structures on the surface.
The predicted surface magnetic field is then utilized in the PFSS extrapolation model as its lower boundary condition to obtain the global coronal magnetic field. The surface field is mapped on the circular disk of Fig.2(a) , where the white curves correspond to the magnetic polarity inversion lines. regions with enhanced charged particle density (such as in magnetic loops) contribute to the overall appearance of the white light corona (structured by magnetic fields). These are processes we cannot capture with our simplistic coronal field model, however, our coronal magnetic field may be utilized to generate a "synthetic" white light corona. Figure. Additionally, an inverse r 2 filter is used on the resulting image to generate the "synthetic" corona. In Fig.3 we present the FORWARD modelled polarimetric maps derived from the predicted coronal magnetic field structure for 2019 July 2. belts. The degree of linear polarization L/I projected on to the plane of sky is shown in Fig.3(b) , wherein, the dark regions corresponding to Van Vleck nulls denote curved field lines of closed streamer loops (oriented at the Van Vleck angle to the local radial direction); note the correspondence with Fig.2(a) . Intriguingly, the low-lying double-loop structure evident at high latitudes in the north-east 10 Dash et al.
limb hints at the existence of a pseudo-streamer (Rachmeler et al. 2014) , to which we come back later. Figure. 3(c) depicts the circular polarization given by Stokes V /I which is proportional to the line-of-sight magnetic field strength. Note that Stokes V ∝ B LOS cos θ, where θ is the polar angle of the magnetic field relative to the line of sight (Casini & Judge 1999) . Therefore, its sign indicates the direction of the field towards or away from the line of sight. Blue shading indicates line of sight integrated magnetic fields directed away from the observer (while red denotes field directed towards the observer). The plot indicates the presence of clock-wise closed loops (as viewed from solar north)
connecting the positive polarity patch near the east limb to a negative polarity patch behind the limb which we confirm from the full 3D coronal magnetic field structure (not shown here).
Such predicted polarization characteristics can, on the one hand, aid in the interpretation of coronal magnetometry studies during solar eclipses. On the other hand, the observations themselves can help constrain coronal field magnetic field models which underlie the forward modeled polarization characteristics.
Evaluating the Possibility of a Pseudo-streamer
The coronal magnetic field generated from the PSSFT−PFSS coupled model has a narrow collimated structure (marked as Region 6 on the north-east limb of Fig.2(a) ) with a localized void and very low-lying field loops closing near the surface. Such a magnetic configuration is indicative of a pseudo-streamer which has not quite matured to be visible. Visible pseudo-streamers, in general, materialize under certain conditions in the coronal regions which overlie surface magnetic field distribution where a narrow region of one polarity separates two surrounding opposite polarity open flux patches (Wang et al. 2007; Rachmeler et al. 2014; Abbo et al. 2015) . The surface polarity configuration of this region of interest is highlighted within the rectangular box of the surface magnetic field in Fig.1(b) . We observe a narrow region of negative polarity separating two positive polarity patches on the solar surface and two associated polarity inversion lines. This region is centred around 42 
CONCLUDING DISCUSSIONS
In summary, here we predict the Sun's coronal magnetic field structure expected to be observed during the total solar eclipse of 2019 July 2. We also present forward modeled polarization characteristics of the coronal magnetic field that should inform and aid in the interpretation of observations during the eclipse.
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It is our belief that the usage of the PSSFT model allows for better prediction of the surface magnetic field, especially at high latitudes enabled via surface plasma flux transport processes. Such models assimilating surface magnetic field data provide ideal boundary conditions for simulating and predicting the large-scale coronal structure. We note that our scheme is not perfect. We have ignored any non-linear effects on the plasma transport in the surface flux evolution (whose impact is expected to be minimal during declining phases of the cycle). Also PFSS extrapolations for simulating the corona cannot account for current carrying large-scale sheared structures. Neither can we account for the impact of the heliospheric current sheet near the source surface and beyond, interactions with which can deflect the cusps of streamer belts and coronal plumes at larger distances from the Sun.
Detailed comparisons with observations are expected to pinpoint the deficiencies which need to be addressed. Based on such comparisons we plan to refine our predictive scheme with the addition of more advanced MHD models which can capture a broader range of coronal phenomena more accurately.
The coronal magnetic fields, which evolve in response to driving from the solar surface, govern 
